Ultralight magnesium-lithium alloys for plastic working by A. Białobrzeski & K. Saja
 
ARCHIVES  
of 
FOUNDRY ENGINEERING  
 
 
 
Published quarterly as the organ of the Foundry Commission of the Polish Academy of Sciences 
ISSN (1897-3310) 
Volume 11 
Issue 3/2011 
 
21 – 24 
 
4/3 
 
 
 
A R C H I V E S   o f   F O U N D R Y   E N G I N E E R I N G   V o l u m e   1 1 ,   I s s u e   3 / 2 0 1 1 , 21- 24  21 
 
Ultralight magnesium-lithium alloys  
for plastic working  
 
A. Białobrzeski
a,b, K. Saja
a 
aFoundry Research Institute, Zakopiańska 73, 30-418 Cracow, Poland  
bUniversity of Bielsko-Biała, Willowa 2, 43-309 Bielsko-Biała, Poland 
 
Received 01-04-2011; accepted in revised form 04-04-2011 
 
 
Abstract 
 
Various chemical compositions of ultralight magnesium-lithium alloys were examined and metallographic studies of these alloys, designed 
for further plastic working, were carried out. The preliminary results of mechanical tests carried out on these alloys were presented, 
providing a set of comparative data with the results of mechanical tests carried out on the same alloys after plastic working. 
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1.  Introduction 
 
A  framework programme of research relating to the  plastic 
working  of  ultralight  alloys  was  developed,  determining  the 
critical dimensions of samples and their quantity. Samples were 
cast from three magnesium-lithium alloys with lithium kept at a 
level of approximately: 
   alloy 1 - 3% Li (monophase   hcp alloy), 
   alloy 2 - 7-8% Li (two-phase  +  alloy),  
   alloy 3 - 11% Li (monophase   bcc alloy). 
The  initial  stage  of  research  assumed  mastering  the 
technology of Mg-Li alloys manufacture and the development of 
basic technological parameters of melting and casting, using for 
this purpose an experimental stand. Alloys were obtained from 
pure ingredients such as magnesium and lithium; lithium was in 
the form of granules and ribbons or rollers. Melting was carried 
out starting with the lowest lithium content, i.e. 2-3 wt%, raising 
in successive melts this content up to approximately 7-8wt.% and 
11  wt.%  Li.  The  obtained  alloys  were  gravity  die  cast  in  the 
atmosphere  of  protective  gas  to  form  standard  specimens  for 
mechanical  testing  and  ingots  of  the  predetermined  shape  and 
dimensions  for  further  plastic  working.  From  these  castings, 
specimens were cut out for metallographic examinations. Because 
of high reactivity, the preparation of metallographic sections from 
alloys of this type required special methodology. These alloys are 
very plastic, which causes serious technical problems with proper 
preparation  of  specimens.  For  microscopic  observations  and 
photographs, a Neophot 32 metallographic microscope was used; 
metallographic  sections  were  prepared  according  to  the 
instruction  no.  TBM/001.  Specimens  were  etched  with  Mi1Al 
reagent according to PN-75/H-04512 and examined in polarised 
light [1, 4, 5]. 
 
 
2.  Experimental part  
 
Tables 1, 2 and 3 compare the results of chemical analysis 
made on ultralight Mg-Li alloys. Since the chemical composition 
of these alloys was consistent with the objectives, the alloys were 
designed  for  further  plastic  working  carried  out  under  the 
laboratory conditions of the Faculty of Non-Ferrous Metals at the 
AGH University of Science and Technology in Cracow.  
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Table 1. 
Chemical analysis of alloy 1 (monophase   hcp alloy; spectral 
analysis) 
 
Designation 
Chemical composition [wt.%] 
Li  Mn  Gd  Ni  Zn  Mg 
Alloy 1 
Sample 1 
(1.1) 
3,54  0,008  0,027  0,0131  0,002  Rest 
Alloy 1 
Sample 2 
(1.2) 
3,79  -  0,02  0,0142  0,03  Rest 
Alloy 1 
Sample 3 
(1.4) 
3,52  -  0,02  0,0143  0,02  Rest 
Alloy 1 
Sample 4 
(1.3.1) 
3,33  -  0,017  0,0112  0,016  Rest 
Alloy 1 
Sample 5 
(1.3.2) 
3,30  -  0,022  0,0153  0,0164  Rest 
 
 
Table 2.  
Chemical  analysis  of  alloy  2  (two-phase  +    alloy,  spectral 
analysis) 
 
Designation 
Chemical composition [wt.%] 
Li  Mn  Gd  Ni  Zn  Mg 
Alloy 2 
Sample 1 
(2.1) 
8,15  0,0213  0,024  0,021  0,026  Rest 
Alloy 2 
Sample 2 
(2.2) 
8,07  0,0260  0,098  0,059  0,072  Rest 
Alloy 2 
Sample 3 
(2.3) 
6,97  0,0214  0,0271  0,021  0,044  Rest 
 
The determination of lithium content by spectrography 
in  -monophase alloy with relatively high lithium content (over 
11%) was ambiguous. Several times repeated measurements gave 
results differing by several percent. Therefore,  for this alloy, a 
more  precise  method  was  wet  analysis.  The  results  of  these 
studies are compared in Tables 3 and 4. 
 
 
 
 
Table 3.  
Chemical  analysis of  alloy  3  (monophase    bcc  alloy,  spectral 
analysis) 
 
Designation 
Chemical composition [wt.%] 
Li  Mg 
Alloy 3 
Sample 1 
(3.1) 
10,8  Rest 
Alloy 2 
Sample 2 
(2.2) 
11,7  Rest 
 
Table 4. 
Chemical  analysis  of  alloy  3  (monophase    bcc  alloy,  wet 
analysis) 
 
Designation  
Chemical composition [wt.%] 
Li  Mg 
Alloy 3 
Sample 1 
(3.1) 
12,5  Rest 
Alloy 2 
Sample 2 
(3.2) 
12,0  Rest 
 
Samples of these alloys were next subjected to microstructural 
examinations in a laboratory of the Foundry Research Institute in 
Cracow. 
Figures  1-6  show  examples  of  microstructures  obtained  in 
ultralight Mg-Li alloys, i.e. alloy 1 with 3,54% Li (monophase   
hcp alloy), alloy 2 with 8,15% Li (monophase   hcp alloy) and 
alloy 3 with about 12,5% Li (monophase   bcc alloy).  
 
 
 
Fig. 1. Microstructure of alloy 1.1, etched with Mi1Fe, phase 
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Fig. 2. Microstructure of alloy 1.1, etched with Mi1Fe, phase 
contrast, 200x, visible is α–Mg–Li phase 
 
 
 
 
Fig. 3. Microstructure of alloy 2.1, etched with Mi1Fe, phase 
contrast, 100x, visible is β phase and α+β eutectic 
 
 
 
Fig. 4. Microstructure of alloy 2.1, etched with Mi1Fe, phase 
contrast, 500x, visible is β phase and α+β eutectic 
 
 
 
Fig. 5. Microstructure of alloy 3.1, (β-Mg-Li), etched with Mi1Fe, 
12,5x, visible is β-MgLi phase 
 
 
 
 
Fig. 6. Microstructure of alloy 3.1, (β-Mg-Li), etched with Mi1Fe, 
polarised light, 50x, visible is β-MgLi phase 
 
The  examined  alloys  were  also  subjected  to  preliminary 
mechanical tests. Given the relatively small number of specimens 
in as-cast state, only their mechanical properties could be tested. 
The tensile strength of Mg-3% Li alloy was 160-165 MPa at a 
yield of 10%, the tensile strength of Mg-8.15% Li alloy was 165-
170 MPa at a  yield of 12%,  while the  tensile strength of Mg-
12,0% Li alloy was 170-175 MPa at a yield of 14%. The impact 
strength of this alloy was approximately 40 J/cm
2.  
It is generally believed that what limits the use of magnesium 
alloys is their insufficient resistance to corrosion. The additions of 
alloying elements such as lithium, aluminium and calcium affect 
various  corrosion  mechanisms  and  behaviour.  Some  super 
lightweight  alloys  from  the  Mg-Li  group  are  characterised  by 
better  corrosion  resistance  than  the  previously  used  technical 
alloys of magnesium. For example, Mg-Li alloy with 12 at.% Li 
has  the  resistance  to  atmospheric  corrosion  higher  than 
magnesium.  Calcium  addition  improves  corrosion  resistance 
during  tests  carried  out  in  synthetic  seawater.  Lithium  as  an 
alloying element does not react with OH groups, irrespective of 
the pH value. Due to this, an outer layer of Mg (OH)2 stabilised 
by increased pH value of lithium is formed [2, 3]. Additions of Al 
and  Ca  increase  the  mechanical  and  chemical  stability  of  Mg A R C H I V E S   o f   F O U N D R Y   E N G I N E E R I N G   V o l u m e   11,   I s s u e   3 / 2 0 1 1 , 21- 24  24 
(OH)2. Mg-Al alloys are generally perceived as a material stable 
in  corrosive  media  and  resistant  to  corrosion  under  natural 
conditions.  Aluminium  forms  with  magnesium  a  solid  solution 
which, in the form of MgAl204 compound, acts as a protective 
layer.  An  overvoltage  also  provides  some  protection.  Another 
possible explanation of this effect is a significant reduction in the 
difference of corrosion potentials, due to the presence of an oxide-
forming  element.  However,  large  additions  of  aluminium,  for 
example  8  at.%,  promote  selective  corrosion  in  a  multiphase 
structure. In inert environments, aluminium can be protected by 
Al2O3 moving to the surface of magnesium. Calcium is used for 
the  same  reason  as Li,  i.e.,  owing  to  its ability  to  form  a  Ca-
containing  solid  solution  with  magnesium  and  lack  of  reaction 
with  OH  group  [3].  Both  these  additives  can  form  protective 
layers with Mg (OH)2, which make the ternary Mg-Li-Al and Mg-
Li-Ca alloys corrosion resistant while maintaining high yield and 
creep resistance.  
Other  part  of  the  project  will  be  devoted  to  studies  of 
corrosion resistance that the examined alloys can offer in both as-
cast and wrought state. 
 
 
3.  Final conclusions  
 
  the  implementation  of  the  task  enabled  the  design  and 
manufacture  of  an  experimental  stand  for  melting  and 
casting  of  ultralight  Mg-Li  alloys  under  controlled 
protective atmosphere,  
  the  implementation  of  the  task  enabled  the  design  and 
manufacture of an experimental stand for the heat treatment 
of Mg-Li alloys under controlled protective atmosphere,  
  during  implementation  of  the  task,  special  permanent 
moulds were designed and manufactured to cast ingots from 
ultralight Mg-Li alloys for plastic working; 
  using the experimental stand, a technology for melting and 
casting  ultralight  Mg-Li  alloys  under  the  atmosphere  of 
protective gas was developed, and several melts of ultralight 
Mg-Li alloys were made for further plastic working. 
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